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Abstract 

The aim of this research was to investigate the anti-apoptotic, antioxidant and anti-inflammatory properties of menthol 
against ethanol-induced gastric ulcers in rats. Wistar rats were orally treated with vehicle, carbenoxolone (100 mg/kg) or 
menthol (50 mg/kg) and then treated with ethanol to induce gastric ulcers. After euthanasia, stomach samples were 
prepared for histological slides and biochemical analyses. Immunohistochemical analyses of the cytoprotective and anti- 
apoptotic heat-shock protein-70 (HSP-70) and the apoptotic Bax protein were performed. The neutrophils were manually 
counted. The activity of the myeloperoxidase (MPO) was measured. To determine the level of antioxidant functions, the 
levels of glutathione (GSH), glutathione peroxidase (GSH-Px), glutathione reductase (GR) and superoxide dismutase (SOD) 
were measured using ELISA. The levels of the pro-inflammatory cytokines tumor necrosis factor-a (TNF-ot) and interleukin-6 
(IL-6) and the anti-inflammatory cytokine interleukin-10 (IL-10) were assessed using ELISA kits. The menthol treated group 
presented 92% gastroprotection compared to the vehicle-treated group. An increased immunolabeled area was observed 
for HSP-70, and a decreased immunolabeled area was observed for the Bax protein in the menthol treated group. Menthol 
treatment induced a decrease in the activity of MPO and SOD, and the protein levels of GSH, GSH-Px and GR were increased. 
There was also a decrease in the levels of TNF-a and IL-6 and an increase in the level of IL-10. In conclusion, oral treatment 
with menthol displayed a gastroprotective activity through anti-apoptotic, antixidant and anti-inflammatory mechanisms. 

Citation: Rozza AL, Meira de Faria F, Souza Brito AR, Pellizzon CH (2014) The Gastroprotective Effect of Menthol: Involvement of Anti-Apoptotic, Antioxidant and 
Anti-Inflammatory Activities. PLoS ONE 9(1): e86686. doi:10.1371/journal.pone.0086686 

Editor: Stefan Bereswill, Charite-University Medicine Berlin, Germany 

Received October 31, 2013; Accepted December 17, 2013; Published January 21, 2014 

Copyright: © 2014 Rozza et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 

Funding: CAPES/FAPESP 2010/08536-9 had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript 
Competing interests: The authors declared that no competing interests exist. 
* E-mail: claudia@ibb.unesp.br 



Introduction 

Gastric ulcers, the most common gastric disease, are considered 
to be a global health problem, affecting approximately 14.5 
mUlion people worldwide [1]. The current treatments for patients 
suffering from gastric ulcers include antacids, histamine 
receptor antagonists and proton pump inhibitors. The main 
therapeutic target of these classes of medications is the secretion of 
gastric acid. However, there is growing evidence that the ideal 
antiulcer compound should inhibit gastric secretion but should 
also have multiple effects. In addition to an antisecretory effect, an 
effective treatment must possess antioxidant, anti-apoptotic and 
anti-inflammatory activities [2] . 

Recent research by our group demonstrated the gastroprotec- 
tive effect of the cyclic terpene (-)-menthol, which mainly affects 
mucus secretion and prostaglandin E2 (PGEj) production [3] . The 
present study was undertaken to further investigate the mechanism 
of menthol action, analyzing the possible gastroprotective anti- 
apoptotic, antioxidant and anti-inflammatory effects of menthol 
against ethanol-induced gastric ulcers in rats. 



Materials and Methods 

2.1. Menthol 

(-)-Menthol (catalog #63660, >99% purity) was purchased 
from Sigma-Aldrich. (St. Louis, MO, USA). 

2.2. Animals 

Male Wistar rats weighing 200-250 g from the Central Animal 
House of UNESP were fed a certified diet with free access to tap 
water under standard light-dark cycles (12 h dark/ 12 h hght), 
humidity (60±1%) and temperature (21±2°C). Prior to experi- 
mentation, all rats were fasted for 16 hours and housed in cages 
with raised floors of a wide mesh to prevent coprophagy. No 
anesthetic procedure was done before the oral administrations. 
After the experiment, the rats were euthanized in a pre-saturated 
CO2 chamber. All efforts were done to minimize animal suffering. 
All experimental protocols followed the recommendations of the 
Canadian Council on Animal Care and were approved by the 
UNESP Institutional Animal Care and Use Committee (permit 
number 221-CEEA, 2010). 
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2.3. Ethanol-induced gastric ulcers 

Male Wistar rats that had been fasted for 1 6 h were distributed 
into three groups (n = 7). The rats were then orally dosed with the 
vehicle (8'X, Tween 80, 10 niL/kg, Sigma-Aldrich, St. Louis, MO, 
USA), carbenoxolone (100 mg/kg, Sigma-Aldrich, St. Louis, MO, 
USA) or menthol (50 mg/kg). The dose of the menthol was 
selected based on a previous dose-response assay; the dose of 
50 mg/kg was shown to be the lowest effective dose [3] . After 1 h, 
the animals received an oral dose of 1 mL of absolute ethanol. 
One h after ethanol treatment, the rats were euthanized and their 
stomachs were removed [4]. The stomachs were then opened 
along the greater curvature and washed. The stomachs were 
scanned and the ulcer area (mm^) was measured using AVSoft 
Bio View software. 

The stomach samples were scrapped after the scans and frozen 
at — 80°C until biochemical analyses were performed. Histological 
slides were prepared from intact samples. 

2.4. Histological analysis 

Samples of the stomach of each rat were fixed in alfac solution 
(85% alcohol 80, 10% formalin and 5% acetic acid) and processed 
in a paraffin tissue processing machine. Sections of the stomach 
were cut to a thickness of 5 Jim and stained with hematoxylin and 
eosin (HE) for histological evaluation. Neutrophils were counted 
on the HE-stained slides. The slides that were not stained were 
submitted to immunohistochemical analysis. 

2.5. Immunohistochemical analysis 

Tissue section slides were deparaffmized, rehydrated and 
immunostained with peroxidase. Non-specific reactions were 
blocked with H2O2 and goat serum prior to incubation with the 
appropriate specific antibody. The sections were rinsed with 
phosphate-buffered saline (PBS, 0.01 mol/L, pH 7.4) and incu- 
bated with a secondary antibody (Avidin-Biotin Complex ABC kit, 
Erviegas, Sao Paulo, SP, Brazil). The sections were then washed 
with phosphate buffer solution (PBS), the ABC reagent was 
applied, and the reaction was carried out in a 3,3'-diaminoben- 
zidine tetrahydrochloride (DAB) solution containing 0.01% H2O2 
in PBS. After immunostaining, the sections were lightly counter- 
stained with hematoxylin and the immunolabeled cells were 
observed and photographed under a Leica microscope using Leica 
QVV'in Software (Leica, Wetzlar, Hessen, Germany). For the 
control reactions, the slides were processed without the primary 
antibody or the secondary antibody. Positive signals in the 
immunohistochemical staining were observed as brown-staining 
areas under light microscopy. The slides were stained with 
antibodies against heat-shock protein 70 (HSP-70, 1:500 dilution) 
and Bax (1:200 dilution) (Santa Cruz Biotechnology, Dallas, 
Texas, USA). Ten fields in each slide were photographed and the 
brown-stained areas were measured ((xm^) using AVSoft Bio View 
software (AVSoft Softwares Laboratoriais, Campinas, SP, Brazil). 

2.6. Preparation of samples for biochemical assays 

Immediately after the animals were euthanized, the mucosa of 
each stomach was scraped using two glass slides, homogenized in a 
phosphate buffer (0.1 M, pH 7.4) and frozen at — 80°C until it 
could be assayed biochemically. The protein concentration of the 
samples was determined by the method described by Bradford [5] . 

2.7. Effect of menthol on the activity of myeloperoxidase 
(iVlPO) 

The MPO activity in the gastric mucosa was measured to 
evaluate the accumulation of neutrophils. The samples were 



centrifuged at 3,000 for 15 min at 4°C. Aliquots of the 
supernatant were then mixed with a reaction buffer (pH 6.8) of 
50 mM PBS in 0.005% H2O2 and 1.25 mg/mL O-dianisidine 
dihydrochloride (Sigma-Aldrich, St. Louis, MO, USA) and 
measured at 460 nm [6]. 

Assays of antioxidant activity 

2.8. Determination of total glutathione levels (GSH) 

The GSH levels in the gastric tissue were determined by 
EUman's reaction using 5'5'-dithio-bis-2-nitrobenzoic acid 
(DTNB, Sigma-Aldrich, St. Louis, MO, USA) [7]. The intensity 
of the yellow color was read using spectrophotometry at 412 nm. 

2.9. Glutathione peroxidase activity (GSH-Px) 

The GSH-Px activity was measured by combining 10 mM of 
reduced glutathione, 4 mM of NADPH, and 1 U enzymatic 
activity of GR (Sigma-Aldrich, St. Louis, MO, USA); the decrease 
in absorbance was induced by 0.25 mM H2O2 and monitored 
every minute for 1 0 min at 365 nm [8] . 

2.10. Glutathione reductase activity (GR) 

The GR activity was measured by monitoring the decrease in 
absorbance of NADPH in phosphate buffer, pH 7.8 at 340 nm 
induced by oxidized glutathione (Sigma-Aldrich, St. Louis, MO, 
USA). The absorbance was read every minute for 10 min [9]. 

2.1 L Superoxide dismutase activity (SOD) 

The SOD activity was analyzed by the reduction of nitroblue 
tetrazolium using a hypoxanthine-xanthine oxidase system (super- 
oxide generation, Sigma-Aldrich, St. Louis, MO, USA). The 
absorbance was read every minute for 10 min at 560 nm [10]. 

Mediators of mflainmation 

2.12. Determination of the gastric mucosal levels of TNF- 

oc, IL-6 and IL-10 

The tissue homogenate was centrifuged and the cytokines were 
detected in the supernatant using commercial enzyme-linked 
immunosorbent assay (ELISA) kits for TNF-a, IL-6 and IL-10 
(catalog numbers 438204, 431304 and 431404, respectively, 
BioLegend, San Diego, CA, USA). 

2.6. Statistical analysis 

The results were analyzed using a one-way analysis of variance 
(ANOVA) followed by Dunnett's test and compared to the vehicle 

group. The results are presented as the mean ± the standard error 
of the mean (SEM). AU analyses were performed using GraphPad 
InStat or Prism software. A value of p<0.05 was considered 
significant. 

Results 

3.1. Ethanol induced gastric ulcers 

The vehicle-treated group presented the characteristic necrotic 
bands in the gastric mucosa, with an average ulcer area of 
389.79±6.46 mm^. The carbenoxolone-treated group presented 
an average ulcer area of 66.82±23.98 mm^, representing 83% 
gastroproti'ction, as defined by the average ulcer area. The 
menthol treated group showed a significant decrease (p<0.01) in 
the average ulcer area (30.34±8.04 mm^), corresponding to 92% 
gastroprotection. A representative stomach of each group is shown 
in Figure 1, and the ulcer areas are listed in Figure 2. 
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Figure 1. Effects of menthol on the gastric mucosa after 
ethanol induction of gastric ulcers in rats. Arrows Indicate the 
characteristic necrotic bands forming the gastric ulcer. (A) Vehicle, (B) 
Carbenoxolone 100 mg/kg, (C) Menthol 50 mg/kg. 
dol:1 0.1 371 /journal.pone.0086686.g001 

3.2. Histological analysis 

The infiltration of neutrophils into the gastric submucosa was 
significantly decreased in the carbenoxolone- and menthol- treated 
groups (p<0.01) compared to the vehicle-treated group (Table 1). 

3.3. Immunohistochemical analysis 

Treatment with menthol cau.sed an increase in the expression of 
HSP-70 in the menthol treated group compared to the vehicle- 
treated group; this was confirmed by an analysis of the HSP-70 
immunolabeled area. Treatment with menthol also reduced the 
expression of the apoptotic protein Bax and decreased the 
immunolabeled area. These results are presented in Table 1 and 
Figure 3. 

3.4. Effect of menthol on MPO activity 

Treatment with menthol induced a significant decrease in the 
activity of the MPO compared to the vehicle-treated group 
(Figure 4); this result confirmed that ethanol administration 
induced the infiltration and activation of neutrophils in the gastric 
mucosa. 



SOO -I 



3.5. Antioxidant assays 

Menthol showed an antioxidant activity, demonstrated by 
increases in the activities of the antioxidant compound GSH and 
the enzymes GSH-Px and GR in the menthol-treated group 
compared to the vehicle-treated group. The level of the SOD 
enzyme in the gastric tissue was decreased in the menthol treated 
group (Table 2). 

3.6. Anti-inflammatory activity 

Menthol demonstrated an immunomodulatory effect; menthol 
reduced the levels of cytokines in the gastric tissue, diminished the 
levels of the pro-inflammatory cytokines TNF-a and IL-6 and 
increased the level of the anti-inflammatoiy factor IL-10 (Table 3). 

Discussion 

Ethanol is commonly used to induce ulcers in experimental rats; 
ethanol leads to intense gastric mucosal damage, directly and 
indirectly through such mediators as reactive oxygen species 
(ROS) and cytokines [11]. In this study, the HSP-70-inducing, 
anti-apoptotic, antioxidant and anti-inflammatory activities of 
menthol in an ethanol-induced gastric ulcer model were investi- 
gated in rats. The dose of menthol used in this study (50 mg/kg) 
was selected based on previous results reported by our group 
showing the gastroprotective effect of menthol [3] . It was observed 
that treatment with menthol provided 92% gastroprotection 
compared to treatment with a vehicle control; this level of 
gastroprotection that is similar to the effect of the standard drug 
carbenoxolone (83%). The mechanisms responsible for the 
gastroprotective effect were also investigated. 

HSPs are a type of protective protein involved in diverse 
biological activities, including apoptosis. HSP-70 is a molecular 
chaperone that is rapidly induced by stresses such as heat, 
oxidative stress, and drug exposure [12]. Therefore, drugs or 
treatments that induce HSP-70 expression may positively contrib- 
ute to gastric mucosal defense and cytoprotection [13,14]. In 
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Figure 2. Gastric ulcer area (mm^) of rat stomachs with ethanol-induced gastric ulcers after treatment with vehicle, carbenoxolone 
(100 mg/kg) or menthol (50 mg/kg). The results are reported as the mean ± SEM. ANOVA followed by Dunnett's test, p<0.01. 
dol:1 0.1 371 /journal.pone.0086686.g002 
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Table 1. Neutrophils count and Immunolabeled area {|xm2) for HSP-70 and Bax In rats stomachs submitted to ethanol-induced 
gastric ulcers after treatment with vehicle, carbenoxolone (100 mg/kg) or menthol (50 mg/kg). 







Vehicle 


Carbenoxolone 


Menthol 


Neutrophils count 


23.40±0.62 


13.60±1.65*» 


9.60±1.68** 


Immunolabeled area for HSP-70 


659.32±88.47 


6547.01 ±984.22*** 


9620.86 ±544.65*** 


Immunolabeled area for Bax 


11443.28±486.13 


821.36±95.80** 


199.36±26.84*** 



The results are reported as the mean ± SEM. ANOVA followed by Dunnett's test. 

♦*p<0.01 or. 

***p<0.001. 

doi:l 0.1 371 /journal.pone.0086686.t001 



addition to its cytoprotective efTect, HSP-70 has anti-apoptotic 
activity [15,16] and can decrease oxidative stress and cell injury 
[14]. The induction of HSP-70 is part of the gastroprotective 
mechanism of menthol. Furthermore, the inhibition of apoptosis 
(observed as the inhibition of Bax expression) in the gastric mucosa 
of rats treated with menthol can be partially explained by 
menthol's HSP-70-inducing effect. It has been suggested that an 
interaction between the expression of the HSP-70 and the 
proapoptotic Bax genes may occur under stress conditions, with 
suppression of Bax activation in cells with high HSP-70 levels [17]. 

There is growing evidence that ethanol administration promotes 
oxidative stress by increasing the formation of ROS and depleting 
cellular oxidative defenses in a process triggered by neutrophil 
activation, causing a sequential ROS-mediated induction of lipid 
peroxidation and protein oxidation. Recent studies have linked the 
genesis of ethanol-induced gastric ulcers to the number of 
infiltrated neutrophils [18]. 

The MPO is the main marker of neutrophil infiltration in 
ulcerogenic lesions. This enzyme is found within the neutrophils 



and catalyzes the oxidation of the chloride ion (Cl~) by hydrogen 
peroxide (H2O2) to form hypochlorous acid (HCIO), which is toxic 
to pathogenic microorganisms but is also harmful to host tissues 
[19]. This process is responsible for the generation of free radicals, 
resulting in an acute inflammation in the gastric tissue [20]. The 
gastroprotection induced by menthol can be partially explained by 
the inhibition of neutrophil infiltration and subsequent MPO 
generation. 

Neutrophils also produce the superoxide radical anion (O2 ), 
the product of the reaction of oxygen molecules and electrons from 
the transport chain in mitochondria. The cells of the gastrointes- 
tinal tract have an antioxidant defense system that is capable of 
preventing the cytotoxicity of ROS through mechanisms that 
involve the action of enzymes and compounds with the potential to 
scavenge free radicals and prevent their destructive action. The 
major antioxidative enzyme is SOD, which catalyzes the 
dismutation of O2 into less noxious H2O2, which is further 
degraded by catalase or GSH-Px [21]. 
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Figure 3. Photomicrography of the immunohistochemical analysis of HSP-70 expression (A, B, C) and Bax protein expression (D, E, 
F) in the stomachs of rats subjected to ethanol-induced gastric ulcers after treatment with vehicle (A, D), carbenoxolone 100 mg/kg 
(B, E) or menthol 50 mg/kg (C, F). The * In the brown stains indicates the in situ expression of the proteins. Note the upregulation of HSP-70 
expression and the downregulation of Bax expression in the menthol-treated group. 
doi:1 0.1 371/journal.pone.0086686.g003 
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Figure 4. Myeloperoxidase (MPO) activity (U/mg of protein) in rat stomachs witKi etKianol-induced gastric ulcers after treatment 
with vehicle, carbenoxolone (100 mg/kg) or menthol (50 mg/kg). The results are reported as the mean ± SEM. ANOVA followed by 
Dunnett's test, p<0.01. 
doi:10.1371/journal.pone.0086686.g004 



The activity of SOD was decreased in the stomachs of mentliol- 
or carbenoxolone-treated rats. We propose that this is an 
interesting finding because the relatively higher SOD activity in 
vehicle-treated rats indicates a greater production of O2 [22]. 
The increases in the amounts of the GSH-Px and GR enzymes 
and the antioxidant compound glutathione (GSH), associated with 
tlie inhibition of MPO production, confirm the antioxidant 
activity of the mentliol in gastric ulcers and support an important 
role for oxidative stress in the pathogenesis of ethanol-induced 
gastric ulcers. There are several reports in the literature indicating 
that the administration of potential antioxidant natural products 
can prevent the gastric damage caused by the action of ethanol 
[23,24,25]. 

In generating ROS, the administration of absolute ethanol 
provokes an inflammatory response that is the result of a complex 
chain of events involving the immune response, which releases a 
great number of inflammatory cytokines such as tumor necrosis 
factor-a (TNF-a) and interleukin-6 (IL-6) [26]. 



Table 2. Effect of menthol (50 nng/kg) on the levels of 
antioxidant enzymes and compound In rat stomachs with 
ethanol-induced gastric ulcers after treatment with vehicle, 
carbenoxolone (100 mg/kg) or menthol (50 mg/kg). 









Vehicle 


Carbenoxolone 


Menthol 


GSH 


27.62 ±2.85 


50.78±6.82»* 


60.87±6.00*** 


GSH-Px 


96.07 ±7.21 


108.30± 14.67 


171.30±13.15*** 


GR 


32.64±1.99 


40.95±3.12 


48.80±3.34** 


SOD 


3.33±0.50 


1.65 ±0.38* 


1.97±0.26* 





GSH level is expressed in nmol/mg of protein; GPx and GR are expressed in 

nmol/min/mg of protein; SOD is expressed in U/mg of protein. The results are 

reported as ttie mean ± SEM. ANOVA followed by Dunnett's test. 

*p<0.05. 

**p<0.01. 

*»»p<0.001. 

doi:l 0.1 371 /journal.pone.0086686.t002 



Inflammation is a harmful process tliat should, in general, be 
minimized. However, in the gastrointestinal tract, an adequate 
inflammatory response is a key component of mucosal defense 
[27]. TNF-a is a pro-inflammatory cytokine that is increasingly 
secreted by macrophages during gastric ulcer induction [28] . It is a 
potent stimulator of neutrophil infiltration into the gastric mucosa 
[29]. The suppression of TNF-a production and neutrophil 
infiltration are closely associated [30]. IL-6 is a pleiotropic 
cytokine that plays a crucial role in acute inflammation and 
immune regulation [31]. An elevated level of IL-6 activates 
neutrophils, lymphocytes and monocytes/macrophages at the 
inflammatory site, triggering the oxidative pathways responsible 
for local tissue damage in gastric ulcer disease [32]. It was 
suggested that the pro-inflammatory cytokines TNF-a and IL-6 
are important in regulating the severity of gastric ulcers [33]. The 
secretion of both cytokines enhances the effects of oxidative stress 
by inducing mitochondrial ROS generation and cytotoxicity [34]. 

IL-10 is one of the most important anti-inflammatory and 
immunosuppressive cytokines [35]. IL-10 suppresses the inflam- 
matory response and inhibits the production of TNF-a [36,37]. 
The results reported here demonstrate that the treatment with 
menthol induced a decrease in the levels of the pro-inflammatory 

Table 3. Effect of menthol (50 mg/kg) on the levels of TNF-a, 
IL-6 and IL-10 cytokines in rat stomachs with ethanol-induced 
gastric ulcers after treatment with vehicle, carbenoxolone 
(100 mg/kg) or menthol (50 mg/kg). 









Vehicle 


Carbenoxolone 


Menthol 


TNF-a 


2076.00± 122.80 


13C7.00±283.30* 


144.70±59.04**» 


IL-6 


1239.00±83.47 


871.30±173.10 


143.50±50.95»»* 


IL-10 


1718.00±344.10 


4772.00±581.50*** 


3776.00± 122.40*** 


The results are expressed as 


pg/mg of protein and reported as the mean ± 



SEM. ANOVA followed by Dunnett's test. 
*p<0.05. 
***p<0.001. 

doi:10.1371/journal.pone.0086686.t003 
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mediators TNF-a and IL-6 and increased the level of the anti- 
inflammatory cytokine IL-10, demonstrating an anti-inflammatory 
activity of menthol. 

Conclusion 

The treatment of ethanol-induced gastric ulcers in rats with 
menthol demonstrated that menthol exerts gastroprotection via an 
HSP-70-inducing effect, which leads to an anti-apoptotic effect 
through the inhibition of Bax production. Furthermore, menthol 
induces a decrease in the migration and activation of neutrophils 
as demonstrated by a decrease in MPO activity, which results in 
an antioxidant activity, an increase in the activities of GSH-Px and 

References 

1. Maity B, Chattopadhyay S, (2008) Natural antiulcerogenic agents: an overview. 
Curr Bioact Compd 4: 225-244. 

2. Maity P, Biswas K, Chattopadhyay I, Bancrjrc RK. Baiidyopadhyay U, (2009) 
The use of neem for controlling gastric hyperacidity and ulcer. Phytother Res 
23(6): 747-755. 

3. Rozza AL, Hiruma-Lima CA, Takahira RK, Padovani CR, Pellizzon CH, 

(2013) Effect of menthol in experiment allv induced ulcers: pathways of 
gastroprotection. Ghem Biol Interact 206(2): 272-278. 

4. Robert A, Nezamis JE, Lancaster G, Hanchar AJ, (1979) Gytoprotection by 
prostaglandins in rats. Prevention of gastric necrosis produced by alcohol, HGl, 
NaOH, hypertonic NaGl, and thermal injury. (iastroenterolog\' 77(3): 433-443. 

5. Bradford MM, (1976) A rapid and sensitive method for the quantitation of 
microgram quantities of protein utilizing the principle of protein dye binding. 
Anal Biochem 72(1-2): 248-254. 

6. Krawisz JE, Sharon P, Stenson WF, (1984) Quantitative assay for acute 
intestinal inflammation based on myeloperoxidase activity. Assessment of 
inflammation in rat and hamster models. Gastroenterolo^gy 87(6): 1344-1350. 

7. Faure P, Lafond JL, (1995) Measurement of plasma sullhydry! and carbonyl 
group^ as a possil^lc indicator of protein oxidation. In: l'a\ier AE, Gadet J, 
Kalnvanaraman i\l, Ponteeave M, Pierre JL, editors. Analysis of Pree Radicals in 
Biological Systems. Birkhaauser. pp. 237-248. 

8. Yoshikawa T, Naito Y, Kishi A, Tomii T, Kaneko T, et al., (1993) Role of active 
oxygen, lipid peroxidation, and antioxidants in the pathogenesis of gastric 
mucosal injury induced by indomethacin in rats. Gut 34(6): 732—737. 

9. Carlberg I, Mannervik B, (1985) Glutathione reductase. Methods Enzymol 113: 
484^90. 

10. Winterbourn GG, Hawkins RE, Brian M, Garrell RW, (1975) The estimation of 
red cell superoxide dismutasc activity. J Lab Glin Med 85(2): 337-341. 

11. Abdcl-Salam OME, Gzimmer J. Debreeeni A, SzolcsanyiJ, Mozsik G, (2001) 
Gastric mucosal integrity: gastric mucosal blood flow EUid microcirculation. An 
overview. J Physiol Paris 95(1 6): 105 127. 

12. Hard FU, Hayer-Hartl M, (2002) Molecular chaperones in the cytosol: from 
nascent chain to folded protein. Science 295: 1852-1858. 

13. Yeo M, Park HK, Kim DK, Cho SW, Kim YS, et al., (2004) Restoration of heat 
shock protein70 suppresses gastric mucosal inducible nitric oxide synthase 
expression induced by Helicobacter pylori. Proteomics 4: 3335-3342. 

14. Hirata I, Naito Y, Handa O, Hayashi N, Mizushima K, et a!., (2009) Heat-shock 
protein 70-overexpressing gastric epithelial cells are resistant to indomethacin- 
induced apoptosis. Digestion 79: 243-250. 

15. Bcerc HM, (2004) The stress of dying: the role of heat shock proteins in the 
regulation of apoptosis. J Gell Sei 117: 2641-2651. 

16. Konturek PC, Brzozowski T, Burnat G, Szlachcic A, Koziel J, et al, (2010) 
Gastric ulcer healing and stress-lesion preventive properties of pioghtazone are 
attenuated in diabetic rats. J Physiol Pharmacol 61(4): 429-^36. 

17. Stankiewicz AR, Lachapelle G, Foo CP, Radicioni SM, Mosser DD, (2005) 
Hsp70 inhibits heat-induced apoptosis upstream of mitochondria by preventing 
Bax translocation. J Biol Chem 280: 38729-38733. 

18. Rocha NF, Oliveira GV, Araujo FY, Rios ER, Carxalho AM, el al, (201 1) (-)-«- 
Bisabolol-indueed gastroprotection is associated with reduction in lipid 
peroxidation, superoxide dismutase activity and neutrophil migration, 
Eur J Pharm Sei 44(4): 455-61. 

19. HalliwcU B, Gutteridge JMG, (2006) Free radicals in Biology and Medicine. 
Clarendon Press, Oxford, UK. 



GR, an increase in tiie levels of GSH and a decrease in SOD 
activity. Menthol also induced an immunomodulatory and anti- 
inflammatory activity; menthol treatment decreased the levels of 
the pro-inflammatory cytokines TNF-a and IL-6 and augmented 
the levels of the anti-inflammatory cytokine IL-10. 

Author Contributions 

Conceived and designed the experiments: ALR CHP. Performed the 
experiments: ALR FMDF ARSB CHP. Analyzed the data: ALR CHP. 
Contributed reagents/materials/analysis tools: ALR CHP. Wrote the 
paper: ALR CHP. 



20. Fialkow L, Wang Y, Downey CP, (2007) Reactive oxygen and nitrogen species 
as signaling molecules regulating neutrophil function. Free Radic Biol Med 42: 
153-164. 

21. Brzozowski T, Kwiecien S, Konturek PC, Konturek SJ, Mitis-Musiol M, et al., 
(2001) Comparison of nitric oxide-releasing NSAID and vitamin C with classic 
NSAID in healing of chronic gastric ulcers; involvement of reactive oxygen 
species. Med Sei Monit 7(4): 592-599. 

22. Iridovich 1, (1986) Biological effects of superoxide radical. Arch Biochem 
Biophys 247: 1-11. 

23. Ismail IF, Golbabapour S, Hassandarvish P, Hajrezaie M, Abdul Majid N, et al., 
(20 1 2) Gastroprotective activity of Polygonum chinense aqueous leaf extract on 
ethanol-induced hemorrhagic mucosal lesions in rats. Evid Based Complement 
Altemat Med article ID 404012. 

24. Ah-ashdi AS, Salama SM, Akiyumi SS, AbduUa MA, Hadi AH, et al., (2012) 
Mechanisms of gastroprotective effects of ethanolic leaf extract of Jasminum 
sambae against HGl/ ethanol-induced gastric mucosal injury in rats. Evid Based 
Complement .\lternat Med article ID 786426. 

25. Ahmad A, Gupta G, Afzal M, Kazmi 1, Anwar F, (2013) Antiulcer and 
antioxidant activities of a new steroid from Morus alba. Life Sei 92(3): 202—210. 

26. Saiga MS, Ali HM, Abdulla MA, Abdelwahab SI, (2012) Gastroprotective 
activity and mechanism of novel dichlorido-zinc(II)-4-(2-(5- methoxybenzyHde- 
neamino) ethyl) piperazin-l-iumphenolate complex on ethanol-induced gaistric 
ulceration. Chem Biol Interact 195: 144-153. 

27. Martin GR, Wallace JL, (2006) Ciastrointestinal inflammation: a central 
component of mucosal defense and repair. Exp Biol Med 231: 130-137. 

28. Hamaguehi M, Watanabc T, Higuehi K, 'I'ominaga K, Fujiwara Y, ct al., (200 1) 
Mechanisms and roles of neutrophil infiltration in stress-induced gastric injury in 
rats. Dig Dis Sei 46(12): 2708-2715. 

29. Wei XM, Heywood GJ, Di Girolamo N, Thomas PS, (2003) Nicorandil inhibits 
the release of TNF-alpha from a lymphocyte cell line and peripheral blood 
lymphocytes. Int Immunopharmacol 3(12): 1581-1588. 

30. Taha MM, Saiga MS, All HM, Abdulla MA, Abdelwahab SI, et al., (2012) 
Gastroprotective activities of Purncra diffusa WiUd. ex Schult. revisited: role of 
arbutin. J Ethnopharmaeol 141(1): 273-281. 

31. Kishimoto T, (2005) lnterlcukin-6: from basic science to medicine - 40 years in 
immunology. Annu Rev Immunol 23: 1—21. 

32. Mei X, Xu D, Xu S, Zheng Y, Xu S, (2012) Novel role of Zn(ll)-curcumin in 
enhancing cell proliferation and adjusting proinflammatory cytokine-mediated 
oxidative damage of ethanol-induced acute gastric ulcers. Chem Biol Interact 
197: 31-39. 

33. Augusto AG, Miguel F, Mendon^a S, Pedrazzoh Jr J, Gurgueira SA, (2007) 
Oxidative stress expression status associated to Helicobacter pylori virulence in 
gastric diseases. Glin Biochem 40: 615-622. 

34. Wassmann S, Stumpf M, Strehlow K, Schmid A, Schieffer B, ct al., (2004) 
Interleukin-6 induces oxidative stress and endothelial dysfunction by ovcrex- 
pression of the angiotensin 11 type 1 receptor. Circ Res 94: 534—541. 

35. Sabat R, Grutz G, Warszawska K, Kirsch S, Witte E, et al., (2010) Biology of 
interleukin-10. Cytokine Growth Factor Rev 21: 331-344. 

36. Basak S, Hofhnann A, (2008) Crosstalk via the NF-kappaB signaling system 
Cytokine Growth Factor Rev 19: 187-197. 

37. Kruglo\- AA. Kuchmiy A, Grivcnnikov SI, 'l'umano\' A\', Kiiprash DV, et al., 
(2008) Phy siological functions of tumor necrosis factor and the consequences of 
its pathologic overexpression or blockade: mouse models. Cytokine Growth 
Factor Rev 19: 231-244. 



PLOS ONE I www.plosone.org 



6 



January 2014 | Volume 9 | Issue 1 | e86686 



